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NH Winter Climate and the AQ

ForeCGSting the phase Of the Arctic NH (Oct.—Mar.) Multi-Model Annular Index
Oscillation is a factor for seasonal
and longer-range forecasts.

Negative Phase 2
A = Obs (HadSLP1)

/ =1 4 Models
2 - A & -
‘ _2 i " " " 1 " i " i 1 i " " = 1 " i " " 1 " IPCQ 20A07
| 0 S 1850 1900 1950 2000 2050 2100
| £
". L]
-2 Future climate change

(1) Greenhouse gas forcing predicts more +AO
Stoch;»_ét;ic? tlévbrced? conditions (e.g., Shindell et al. 1999, Hurrell et al.
Solar Forcing 2004; Miller et al. 2006, Scaife et al. 2012).
m (2) Will winters grow increasingly warmer? Or are
Arctic Sea there important feedbacks that could mitigate the

ENSO  Eyrasian
Ice positive trend, even intermittently?
Snow Cover

m_ | o ——
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Fall Eurasian Snow-Winter AO Hypothesis

October

November

December

January

February
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1

N
Siberian Snow Cover Expands
y
™~
SLP Increases Over Eurasia
v

Vertical Wave Propagation (i.e.,
Poleward Heat Fluxes) Enhanced

~
Stratospheric Polar Vortex
Weakens or Breaks Down
o
~
Stratospheric Circulation
Anomalies Propagate Downward

into the Troposphere

Evidenced in observations (e.g., Foster et al.
1983; Cohen and Entekhabu 1998; Saito et al
2001; Cohen et al. 2007).

Model-produced snow cover does not
demonstrate the response (e.g., Hardiman et al.
2008; Allen and Zender 2011), but a model with
prescribed snow can (e.g., Fletcher et al. 2009;
Allen and Zender 2010, 2011).

Objectives

2O o/mo

Negative AO Conditions
Prevail in the Troposphere

Based on Coben et al. (2007)

1) Examine salient features for the mechanism

in the models (e.g., snow cover, AO).

2) Evaluate the °‘six-step process’ in CMIP5

models and compare with observations.

3) Offer suggestions for why CMIP5 models do

not agree with observations.
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Data and Methodology

Observational Data /Oct ober Snow Cover October Snow Covh
*Monthly-mean ERA-Interim (1979-2011) (OBS) (ENSM_EAN)

*October Monthly-Mean Rutgers Eurasian
Snow Cover Index (20-75°N, 0-170°E)
(1979-2010)

CMIP5 Models
*Monthly-mean piControl runs (15 models).

*Selected based on availability of snow cover

N -:‘ 3 0/ H“-.___.... n‘ .--"'“ Py
extent (snc) as downloadable variable. [ — %] e
R : o) o : : 1 ‘ 50 ' !00
*Regridded to a 2.5° by 2.5° grid for inter-

model comparisons. Methodology

“ *Subdivide the piControl runs into 40-yr segments.
-w ECMWI *Compute statistics on each segment separately.

*Present results by model (aggregate segment

statistics) and as ‘multi-model ensemble-mean.
m_ | . o ——

*Focus on NH extended cold season (ONDJFM).
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The AQ Pattern — Qbs. vs. CMIP5

SLPa Reqgressed on -PC1
Of NDJEM SL Pa

Observations Mu|t| I\/Iodel Mean

b
2
P,
0 5:-'
| S
; \.
—6
Pattern correlation strong for
ensemble-mean (r = 0.84)
aery | O
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October Eurasian Snow Cover
Statistics

October Mean Eurasian Snow Cover Extent

QOBS
EMNSMEAN
NorESM1-M
MRI-CGCM3
MPI-ESM-P
MPI-ESM-LE
MIROC-ESM-CHEM
MIROC-ESM
MIROCS
MIROC4h
INMCM4
GISS-E2-R
GISS-E2-H
CSIRO-ME3—-6-0
CNEM-CMS
CanESM2
BCC-CSMI-1

] A 10} 15 20
Mean - [10° kni’]

m | o SSS——
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i

October Eurasian Snow Cover Statistics

Standard Deviation — October Eurasian Snow Cover

OBS

ENSMEAN
NorESM1-M
MRI-CGCM3
MPI-ESM-P
MPI-ESM-LR
MIROC-ESM-CHEM
MIROC-ESM
MIROCS
MIROC4h
INMCM4
GISS-E2-R
GISS-E2-H
CSIRO-ME3—6-0
CNREM-CM35
CanESM2
BCC-CSMI-1 , ,

)] .25 0.5 075 1 125 1.5 1.75
Standard Deviation — [10° km’]

Lower variability in
October Eurasian snow
cover extent in the models.

R ]

qer | o SSSS———
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. . 1 ~
Eurasian Snow/SLP Relations Q

ND SLPa Regressed Onto @SLP Increases Over Eurasia )
Oct. Eurasian Snow Cover .

Observations Muilti-Madal Maan

ool e N
P\
T \) \ 2

[hPa] " SLP Precursor to SSWs
F 0 _3 03 (e.g., Cohen and Jones 2011)
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Eurasian Snow/Surf. T Relations

ND Surface Ta Regressed Onto
Oct. Eurasian Snow Cover

Observations Multi-Model Mean

Weaker and even opposite- P
| signed (i.e., warm anomalies). SN
[°C] [°C]
N - e -
2 0 2 -0.1 0 0.1
EEr" I C T S—
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Steps 3 -5 of the Hypothesis

4 5
. Stratospheric Circulati
Vertical Wave Propagation (i.e., Stratospheric Polar Vortex om:?i::l:’rzn: te D: m‘:var d
Poleward Heat Fluxes) Enhanced Weakens or Breaks Down . paga
into the Troposphere

40-80°N WAFz / Oct Snow (Obs) 40-80°N WAFz / Oct Snow (ENSMEAN)

] L1 L1

: : S :
= ~ Y =
— a0 Y ] 1 r ¥ — S0

T T il '
E R : b : n\ E K1) ]
] -:'.__;-‘_'h oI L R TN = B,
LY ey CeFssao_ T4 E 300 ,

soof ! hl ~ soop--"
; ., 41000 _
Oct Nov Dec Jan Feb Mar [Correlat[on] Oct Nov Dec Jan Feb M
Time — [Months] e Time = [Months]
-0.7 0 0.7
60-90°N GPH / Oct Snow (ObS) 60-90°N GPH / Oct Snow (ENSMEAN)
10 . . 10 : :
\‘// 1 ' E
]

3 * S

= 50 A '“‘l- 20

& 100 g 100

3 Q §

£ 300 £ 300

~ SO0 . Ry S00

1000 . 1000 ) =
Oet Nov Dec Jan Feb Mar [Corre’atlon] Ot MNov Dec Jan Feh Mar

Time — [Months] Time — [Months]

| -0.6 0 0.6
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Step 6 - Link to the DJF AO

Eurrelatmn uf I]L]F ;ﬂLD [mlex wf l_'h:t .‘Jnuw Index

0.6}
04 | . T -
_E 02 T T [ -
‘E ﬂ, r------- -i+.—..--——-.— g
T4t | -
=} 6L
oD +
4‘@;& "F‘:“ gg:*f &
NS *’*“-#r O
P % 3 r:_ cf" " @v@ﬁ’
¢ F
Vert:cal bars represent the spread of correlations

w;;ﬂ' among the 40 year segments in the model.
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[
Possible Explanations for Poor Model Agreement

(1) Variability in the Stratospheric Polar Vortex

Standard Deviation of January [U] 10 at 60°N

20 Vertical bars denote the ‘spread’
among the 40-yr intervals.

* Al models show lower
variability than observed,
some significantly lower (e.g.,
CSIRO).

* Ensemble-mean oy, = 9.1

m/s vs. Observed oy, = 15
m/s.

Standard Deviation [m/s]
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Possible Explanations for Poor Model Agreement
(2) Downward Propagation of Stratospheric Anomalies

IS !

Atmospheric and

Environmental Research
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Lag Correlation of Jan AQ_ with
10 Ensemble-mean correlations show downward
the AQO Index at Other Levels (Obs) )
7 propagation to ~150 hPa but not to the surface.
- T T
= i LI |
S sop s 1(Jan AO,,, Jan AO,,,,) ranges from -0.54
E 100 1 3 (INMCM4) to 0.20 in MIROCS.
@ L * - -~
= ;:;;' % “; y Lag Correlation of Jan AO, with
*
1000 vt the AQ Index at Other Levels (EnsMean)
: Moy Diec Jan Feb Mar L0 ~—
Time - [Months] S !
. T v
[Correlation] % 50 o
F | T v !
- 0 1 ® 100 . !
b
£ 300
= 5o
1000
Ot Mov Dec Jan Feh Mar

Time — [Months]

[Correlation]
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— 1 )
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Summary and Conclusions

* The six-step snow-AO hypothesis does not verify in the CMIP5 models,
similar to the results from the CMIP3 models (Hardiman et al. 2008).

* Models continue to underperform on simulating fall snow cover extent, its
variability, and the lagged atmospheric response to the snow.

* Analysis with the historical runs yields very similar conclusions.

* Irrespective of the snow relationship, the coupled climate models have
issues with stratospheric vortex variability and ‘downward propagation’.

— This fact may give pause for wintertime climate model projections.

* Remaining Challenges/Future Work

— Snowfall/snow cover in the models. Precipitation-related? Land surface?

— Investigation of daily-mean output for downward propagation and wave
dynamics propagation. This is relevant for both S/T studies as well as the
snow-AQO hypothesis.

Em_ I o ——
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Thank you!

Jason C Furtado
Atmospheric and Environmental Research

E-mail: jfurtado@aer.com

This work is funded through NOAA Grant #NA10OAR4310163 and
NSF Grant #BCS-1060323.
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EXTRA SLIDES

October 24, 2012

Jason C. Furtado,

Atmospheric and Environmental Research, Inc. (AER)

Qer NOAA 37™ Annual Climate Diagnostics Workshop

Atmospheric and

EnvironmemalResecrch AER Company Proprietary Information. © Atmospheric and Environmental Research, Inc. (AER), 2011. 11/14/2012 16



p ﬂl 0 f WO rk Climate Models

/ Observations \ Polar Cap Height / SON EA Snow Correlations
CAM
a) Cor WAF R .
analysi
10 _ canalysis (Model Snow)
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Possible Explanations for Poor Model Agreement

(1) Wave Forcing and Wave Propagation

Oct Zonal-Mean U (shading) and EP-Fluxes (arrows)
Regressed onto the Oct Snow Index

Observations CMIP5 Ensemble-Mean
10 | 10 ——
50_ ¥ % 5 >~ o 2 A -~ S 5 . 50 . . N . - . .
> - VAV S A e i F: . . . . . - y
1004 - - = 4 /'//" P A . - 100 - - - - - = .
? s Pl v/ ¥ R . L . A .. U
T 7 / A /7;1 : - —~ 4 A A . P
- . - Z 7 ’
3007 - 7 || 3007 { -
. /‘ ’ 2 ; 1 . .
500' % < ’ 500' I i y /i : |
1000 T ' 1759 1 | &8 e /1 1000 = i T — i —
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15
1.5

—~g I I N

Strong vertical and poleward
wave propagation in obs.

IS !

Atmospheric and

1.9

Weaker wave forcing in models.
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Possible Explanations for Poor Model Agreement
(2) ND WAFz / JF SLPa Covariability

Regression of ND 100 hPa WAFza onto MY-PC1 {EnsMean)

Regression of ND 100 hPa WAFza onto MV-PC1 (Obs)
i —_ 0.01 P ‘-ﬁ 0.01
,, e I
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- 10.005 0.005
g T
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'E | NE
—~— s
i
—0.005 ‘ —0.005
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